E xercice 8

Problem 1:
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In a process at your plant, you are mixing two liquids: benzene (1) and 2-propanol (2). You would like T 'AL ™ HAV‘I Chﬂ“}a ‘5 ‘{AL en u ] j C\(,
to create a molar enthalpy vs. composition diagram for this mixture and have found molar enthalpy ]D” Ey

of mixing data available in Table 1.

You may use Excel to plot the diagram and show the computation results of molar enthalpy for all I + ‘él\(, ‘ A . ~1
compositions at T = 298.15K and T=308.15K. Given: LA W’X‘{MV‘L ) n ‘PM"L‘& ,) mFU JY/S CJWW v Ww SI]J@'}
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AH ()/mol) X1 AH (J/mol) Xy
0 0 0 0
232.2 0.0632 92.2 0.0213
518.8 0.1451 284.5 0.0668 mix
789.9 0.2346 511.4 0.1237 Wf, On‘!y anow AH X T => MAS" N/aﬂﬂu_ Ip.&@
986.2 0.3129 735.4 0.1856 —
11104 0.3734 925.2 0.244
1186.6 0.4192 11005 0.3069 , .
12343 0.4509 1225.4 0.3606 way m’x-‘)M/f/ : Xz = , - )(l
1281.1 0.4933 13195 0.4099
1319.2 0.5511 1408 0.479
1328.4 0.618 1454.9 0.5349
12874 0.6941 14734 0.6036 Cl/lvbﬂ/ T"‘P = qu,,g K
1201.6 0.7614 14313 0.6869
1071.1 0.8222 1294.3 0.7788
906.3 0.8773 1064 0.8615 u/l H ( '4_) - O
687.4 0.929 766.5 0.9245 0o5L ] T
4184 0.9669 436.8 0.9664
161.1 0.9889 153.8 0.9893
0 1 0 1 A . .}
Table 1: Molar enthalpy of mixing of benz (1) + 2 anol (2) system at 298.15 K and 308.15K SSUM CY‘ Cﬂ"s
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Problem 2 : Using molar enthalpy diagram for a solution

In a mixing unit at your plant, you mix 40 moles/min of an equimolar mixture of benzene(1) + 2-
propanol (2) at 298.15 K with 80 moles/min of pure benzene at 298.15 K. If you desire to keep the
resulting mixture at 298.15 K, what is the heat load on this system? Are you adding or removing heat?
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Problem 3: Using partial molar quantities

Suppose that the liquid molar enthalpy for a binary mixture of benzene (1) and cyclohexane (2) has
been fit to the following functional form at 25°C and 1 bar. Thus,

H =-3399 + 4516x; — 3215x,>
where H [=] J/mol.

A. What is the partial molar enthalpy of benzene in this mixture when it is equimolar at 25°C and
1 bar?

B. What is the partial molar enthalpy of cyclohexane in this mixture when it is equimolar at 25°C
and 1 bar?

C. What is the pure component molar enthalpy of cyclohexane at 25°C and 1 bar?
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Problem 4:

B) From @
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Figure 1 drawn in Problem 1 describes the molar enthalpy for the benzene (1) + 2-propanol (2) system
at two temperatures: 298.15 K and 308.15 K. Answer the following questions related to this figure.

a) A flow process mixes 10 moles per second of benzene with 10 moles/s of 2-propanol at 308.15 K.
Would this system give off heat, absorb heat, or stay at the same temperature? Please explain.

b) If you assume the benzene + 2-propanol mixture behaved as an ideal solution, how would your
answer from part (a) change?
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Problem 5:

The molar volume for a mixture of methanol (1) + water (2) at 298.15 K and 1 bar is given as:
V =18.102 + 18.491x, + 4.1506x,>

Where V is in units of cm3/mol

a) What is the partial molar volume of methanol at this T and P when x; = 0.4?

b) What is the pure component molar volume of methanol at this T and P?

c) What is the pure component molar volume of water at this T and P?

d) Let’s assume you have an equimolar mixture of water and methanol. What will be the molar volume
of this mixture according to the functional form given in the problem? What will be the molar volume
of this mixture if you assumed this mixture behaved as an ideal solution?
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